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ABSTRACT 



Infrared-infrared phosphors having a composition rep- 
resented by the general formula 

ABi.x.^dxYb^Ou 

wherein A is at least one element selected from the 
group consisting of Na, K, Rb and Cs, B is at least one 
element selected from the group consisting of Sc, Y, La, 
Cc, Gd, Lu, Ga, In, Bi and Sb, and x and y are numbers 
satisfying the conditions 

0.03 = J = 1.0 

0<yS0.95 

x+.y^l.O 

can be produced in the form of very fine particles and in 
a high yield by carrying out firing in the presence of a 
melt comprising a compound of the formula 

APO) 

wherein A is as defined above, and in such a specific 
composition and such a specific temperature range as 
said phosphor may be crystallized out. 

4 Claims, 7 Drawing Figures 
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PROCESS FOR PRODUCING PHOSPHORS 
LIST OF PRIOR ART (37 CFR 1.56 (a)) . 

The following reference is cited to show the state of 5 
the art: 

Japanese Patent Kokai (Laid-Open) No. 152694/75 
This reference discloses single crystals for laser such as 
LiNdP40i2. Although the compositions of the single 
crystals are similar to those of the phosphors of the 10 
present invention, no process for pulverizing the single 
crystals is shown in the reference. 

The present invention relates to a process for produc- 
ing phosphors. More particularly, the invention pertains 
to a process for producing infrared-infrared phosphors 15 
(The term "infrared-infrared phosphors" used herein 
means phosphors which are excited by infrared rays and 
thereby emit infrared rays.) having a composition repre- 
sented by the general formula 



20 



wherein A is at least one element selected from the 
group consisting of Na, K, Rb and Cs, B is at least one 
element selected from the group consisting of Sc, Y, La, 25 
Ce, Gd, Lu, Ga, In, Bi and Sb, and x and y are numbers 
satisfying the conditions 



30 



0,055x5 1.0 
05^0.95 



in the form of very fine particles and in a high yield. 35 

Infrared-infrared phosphors have been hardly devel- 
oped owing to their limited use, but have many advan- 
tages in that their luminescence is invisible to the naked 
eye and thereby they are suitable for maintaining a 
secret and they are less affected by soil. Therefore, the 40 
phosphors have recently come to be often used in vari- 
ous identification cards such as credit card and tickets. 
In order to be employed in these uses, it is required for 
the phosphors to have a strong luminous power and a 
luminous wavelength suited to the sensitivity character- 45 
tstics of a luminescence receiver and to be able to re- 
ceive infrared rays at a high sensitivity. 

As phosphors satisfying such requirements, one of the 
present inventors et al proposed infrared-infrared phos- 
phors represented by the general formula 50 

wherein A, B, x and y are as defined above (U.S. patent 
application Ser. No. 846,535, filed Oct. 28, 1977, Japa- 55 
nese Patent Application No. 135,333/76). 

When the phosphors were synthesized from stoichio- 
metric amounts of starting materials, however, the re- 
sulting phosphors solidified into lumps and thereby it 
was difficult for the phosphors to obtain a high lumi- $0 
nous power. Therefore, the products were unable to be 
used in printing and other uses. 

An object of the present invention is to provide a 
process for producing infrared-infrared phosphors rep- 
resented by the general formula 65 

AB|_,_ J Nd.,Yb r P40i2 



wherein A, B, x and y are as defined above, in the form 
of very fine particles and in a high yield, which process 
has solved the above-mentioned problems in the prior 
art process. 

According to the present invention, there is provided 
a process for producing an infrared-infrared phosphor 
represented by the formula 

wherein A, B, x and y are as defined above, which 
comprises the steps of: 

(a) mixing the appointed starting materials; 

(b) heating the resulting mixture so that firing may be 
carried out in a composition within the region 0 in 
FIG. 2 in the accompanying drawing; 

(c) cooling the fired mixture; 

(d) digesting the cooled mixture with water; and 

(e) removing a liquid phase and then drying the insol- 
uble residue. 

In the accompanying drawing, . 

FIG. 1 is a phase diagram of APC^Bi-x-yNd*- 
YbpP309 pseudo binary system. 

FIG. 2 is a composition diagram of P2O5-A2O- 
(B 1 _ x _yNd2Yb;02O3 ternary system. 

FIG. -3 is a partial enlargement of FIG. 2 wherein 
experimental results have been entered. 

FIG. 4 shows a relationship between firing tempera- 
ture and the yield of fine particles of phosphor. 

FIGS. 5 and 6 show a relationship between the start- 
ing composition and the yield of fine particles of phos- 
phor. 

FIG. 7 is a composition diagram of P20j-Na20- 
(YaosNdassYbaihOj ternary system wherein the re- 
spective composition points obtained in FIGS. 5 and 6 
have been entered. 

In FIG. 1 which is a phase diagram of APO3- 
Bi_ x -^NdjrYbyP309 pseudo-binary system, a shaded 
region 1 is the region wherein said phosphor of the 
formula 

ABi-j-j^dxYbjPiOu 

exists together with a melt comprising APO3, a line 2 
parallel with the abscissa represents the incongruently 
melting temperature of the phosphor, a point 3 repre- 
sents the eutectic point of ABi-j-^NdjcYb^Ou and 
APO3, and a curve 4 represents a liqnidus line. 

The region in FIG. 1 wherein said phosphor ABi_ x . 
-^Nd^Yb y P40i2 can be obtained in the form of fine 
particles is said region 1. In the region 1, the phosphor 
ABj-x-yNdrYbyPnOw exists together with a melt com- 
prising APOs as described above, and APOa exists in 
an amount in excess of its stoichiometric composition. 

Also, very fine particles (particle size 5 urn or less) of 
the phosphor can be formed from a composition within 
a shaded region /? in FIG. 2 which is a composition 
diagram of p205-A20-(B]_ x Nd2Nby)203 ternary sys- 
tem. 

Thus, in the present invention, firing may be carried 
out in the region wherein a melt comprising APO3 exists 
together with the phosphor as described above. In 
order to form fine particles of the phosphor having a 
large luminous strength in a high yield, however, firing 
is carried out and the phosphor is crystallized out within 
the region p surrounded by three points APO3, ABj 
-^NdjcYb^On and Bi_^_^Nd^Yb y P 5 O u in FIG. 2. 
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A partial enlargement of FIG. 2 is FIG. 3 in which These powdery materials were sufficiently mixed, 

experimental results have been entered. In FIG. 3, charged irito a platinum crucible, and then fired in air at 

points represented by are the points wherein bright 700* C for 2 hours. 

fine particles of the phosphor were obtained in a yield of After the completion of firing, water was poured 

30% or more, and points represented by W X" are the 5 onto the solid matter in the platinum crucible to boil the 

points wherein the yield of the fine particles of phos- wa te r the slud gy contents were then removed from 

phor was less than 30% or the luminous strength of the *e P^tinum crucible. The contents were classified by 

phosphor was reduced by the presence of (B, -^d*. decantatwn, etc. to obtain fine particles of a phosphor. 
Yb,)P0 4 even if the yield was high. in After leachmg with water, the insoluble residue were 

As is clear from FIG. 3, a preferable result can always 10 wel1 ff* en ™ th ™ "J™ 5 acid to T 10 * 6 

be obtained if firing is carried out with a composition C ° m P Ic ' c1 ?: a further m ™ P refera " e ^ult was 

... Al _ 0 „ u u * • j * obtained. It is, of course, possible to use the acid from 

within the range , However, the result obtained at a ^ ^ ^ ^* ^ [n ^ c ^ 

point AB,_* ,Nd,Yb,P 4 0, 2 was poor. The reason ^ ide ^ Qf ^ thus Qbtamed was 

therefor is that the above-mentioned phosphor is 15 mea sured by a Blain air permeability apparatus to deter- 

formed from a condition free from a melt comprising ^ a ratio of the yieid of fme particles of 5 i fAm Qr 

APO3 at this point. j ess m diameter to the total yield. Thus, it was found 

When the synthesis of phosphors is earned out under that the ratio of the flne part i c ies to the total yield was 

the phase equilibrium as shown in FIG. 2, a part of greatIy affected by the heating rate at which the pow- 
P2O5 is generally scattered and lost during the firing 2 n dery materials were heated from room temperature to 

step and the composition of the mixture becomes differ- 700 s c. 

ent from the starting compositions during the synthesis. The yield of fine particles of phosphor obtained when 

In the synthesis of phosphors according to such a usual the heating rate from room temperature to 700° C. was 

process, one starting composition ratio (Bi-^-^Ndx- 350° C./hour, that obtained when the heating rate was 

Yby)203/A20 is kept constant and another starting 25 150° C./hour from room temperature to 400* C. and 

composition ratio (Bi -x-^NdxYb^Os/^Os is varied 350 Q C./hour from 400° C. to 700° C, and that obtained 

to examine the yield of fine particles of phosphor. In this when the heating rate was 40° C./hour from room tem- 

case, the highest yield is obtained on or near a line perature to 400° C. and 350* C./hour from 400° C. to 

connecting the point APO3 to the point Bi_ x _ y Nd x . 700° C. were 41.9% by weight, 65.2% by weight and 

YbyPsOu in FIG. 2. 30 82.6% by weight, respectively. 

Also, the smaller the starting composition ratio The heating rate which can be practiced in the pres- 

(Bi_^._«Nd x Yb^)20 3 /A 2 O, the higher the yield of fine ent invention ranges from about 10* C./hour to 350* 

particles of phosphor. If the starting composition ratio is C./hour. A heating rate of about 150* C./hour gives the 

too small, however, the yield rather decreases. As is ™st preferable result in view of the practical condi- 

seen from FIGS. 5 and 6, it is preferable to use the 35 tlons such & the «nng time required, 

starting compositions on and near the line connecting EXAMPLE 2 

the pointAP03 to the point Bi_ x ->Nd^Ybj,P50i4. . . ^ , , ~ . , # . , 

In the regions a and 5 in FIG. 2, phosphors having A relationship between a firing temperature and the 

the above-mentioned composition can not be formed. An * ield ° f fine P art,clcs °f P ho f s P£ or was obtained by 

* 1 • * 1 » 1 - + . 40 using the same composition of the material as that in 

Also m the region y, phosphors ^ a ™^ Example 1 and setting the heating rate from room tem- 

tioned composition can be formed but the fine particles ^ tQ ^ flring % mperature e and the firing time to 

of phosphor can not be formed. Therefore, the phos- ^ ^ ^ 2 ctive , The other con . 

phors obtained in the region y are unpractical. On the dUjons wefe the same M in Example , 

other hand, if firing is earned out within the region £ 45 The resu|ts obtained m shown in FIG . 4. As is clear 

the fine particles of phosphor can be obtained in a yield from FlQ 4 the firfng temperature at which a yield of 

of 30% by weight or more. fme particles of phosphor of 30% by weight or more 

The following examples illustrate the present inven- ^ be obtame d \ s about 520* C. to about 880* C, and 

tion in more detail. preferably 550° to 850° C. Also, the firing temperature 

EXAMPLE 1 50 at wmcn tne most preferable result can be obtained is 

600° to 750* C. and a yield of about 60% by weight or 

In order to synthesize a phosphor of the formula more can b e obtained. 

Particularly, when the firing temperature exceeds 

N a Nd 0 .,Ybo.iP*o I2 about 97Q . c NaNd 0 .9YbcnP4Oi2 is molten and decom- 

55 posed and no fine particles of phosphor can be obtained, 

corresponding to the general formula It is ^ the case with regard to the other phosphors. 

AB^x-^Yb^Ou EXAMPLE 3 

' M _ _ , rt 1 *u r 11 The same powdery materials as those used in Exam- 

wherein A=Na, x=0.9 and y=0 :1, the following pow- ^ j were ^ m(o a , atinum cn|dble ^ heated 

dery matenals were used so that the starting material tQ ?(X) o c at a heating rate of 15Q . c /hour frQm room 

may have a composition ratio as shown at point 5 in temperature to 400' C. and 350' C./hour from 400' C. 

FIG. 2 (Na 2 0:Nd203:Yb20 3 :P20 5 = 1.5:0.9:0.1:6 as a tQ ?(xr e Firing was carHcd Qut in aif at 1QQ . Q for 2 

molar ratio): hours to obtain a phosphor. 

Nd20j:414.83 g 65 After firing, half of the product was subjected to the 

Yb203:53.98 g . ■ . , t • warm water-treatment and acid- washing as in 

Na2C03:2 17.78 g Example 1 (except that nitric acid was replaced by 

NH4H 2 PO4:1890.83 g phosphoric acid). The remaining half of the product 
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was subjected to the warm water-treatment only. The part of this phase equilibrium, when q is kept constant 

yield of fine particles of phosphor obtained by the for- and p is varied. 

mer treatment was compared with that obtained by the The molar ratios of the components at the points a, b, 

latter treatment. c, . . . , s in FIGS. 5 and 6 are as shown in Table 1. 

As a result, it was found that only warm water-treat- 5 Table 1 

ment gave a yield of 54.5% by weight while a combina- Molar ratio of components 

tion of warm water-treatment and then phosphoric Pojnt Y2 Oj Nd 2 0 3 Yb 2 o 3 Na 2 Q PiQs 
acid-treatment gave a yield of 65.2% by weight. Thus, 
it was found that acid-washing was very efFective. 

As is clear from FIG. 1, when a melt having a compo- 10 
sition within the region 1 is cooled, APO3 (NaP03 in 
this case) is crystallized out together with the desired 
phosphor and acts as a bonding agent. It is presumed 
that the acid-treatment facilitates the removal of 
NaP03 as a bonding agent and thereby increases the 15 
yield of fine particles of phosphor. 

Therefore, the acid used in the washing may be any 
acid which can dissolve APO3 well. For example, hy- 
drochloric acid, phosphoric acid, nitric acid, sulfuric 
acid and various organic acids may be used. Even if the 20 
concentration of the acid is low, the treatment time 
required becomes longer but almost the same effect can 
be obtained. 

After classification treatment, the acid or water is 

removed by any conventional means, and the insoluble 25 A ositkm di of p 2 o 5 -Na 2 0.(Yo.o5Ndo, 

residue is dried to obtain the desired fine particles of ^ tern ary system in which the points as 

phosphor. shown in Jable 1 have becn cntcrcd F IG. 7. 

EXAMPLE 4 As is clear from FIG. 7, most of the composition 

T - A . . r , , _ , , . ™ ratios of the starting materials lie within the region /3. 

In the syntheas of a phosphor represented by the 30 Severd preferable ^ |ie ^ the ^ of the 

formula near tQ ^ reg j on p smce p 2 Q 5 is mattered and lost 

NaYoosNdo 85 Yb tt , 0 P4O,2 durin S Ae heatm S ste P ™ described above. Even if the 

composition ratio of the starting materials lie outside the 

corresponding to the general formula 35 re S ion & the composition of the materials on firing 

enters the region fi as a result of the scatter of P2O5 by 

ABi-^Nd^Yb^Ou heating. 

The detailed procedure in this example is as follows: 

wherein A=Na, B=Y, x=0.85 and y=0.10, a relation- As starting materials, 15.47 g of Y2O3, 391.79 g of 

ship between a molar ratio of the starting materials 40 Nd203 and 53.98 g of YD2O3 were used, and amounts of 

(Yo,05Ndo.85Ybo.io)203/P205 (p) or a molar ratio of the Na2CC>3 and NH4H2PO4 enough to form the required 

starting materials (Yo.osNdo.ssVbo.iohOs/NaiO (q) and starting composition were added thereto. The heating 

the yield of fine particles of phosphor was examined. rate was 150* C./hour from room temperature to 400° 

The results obtained are as shown in FIGS. 5 and 6. C. and 350* C./hour from 400° C. to 700° C. The other 

In FIG. 5, curves 7, 8 and 9 represent a relationship 45 conditions were the same as in Example 1. 

between p and the yield of fine particles of phosphor at Also, it was tried to synthesize a phosphor from the 

q= 1/1, 1/1.5 and 1/2, respectively. Likewise, in FIG. starting composition corresponding to a point 6 in FIG. 

6, curves 10, 11, 12 and 13 represent a relationship be- 2, but no fine particles of phosphor were able to be 

tween q and the yield of fine particles of phosphor at obtained. This point 6 corresponding to p=i and 

p=l/5, 1/6, 1/7 and 1/8, respectively. 50 q=4/l lies in a region surrounded by three tie lines 

The stoichiometric molar ratios in the composition of connecting the points, NaYo.o5Ndo.85Ybo.toP40i2» 

said phosphor correspond to point a in FIG. 5 (p— 1/4, Yo.osNdassYbo.ioPsOuand Yo.osNdassYbo.ioPsOg with 

q= 1/1). Therefore, it is seen that the yield is zero. one another, in which region these three phases coexist. 

Also, as is clear from FIGS. 5 and 6, the yield remark- Thus, the phosphor NaYo.osNdo.ssYbo. 10P4O12 does not 

ably increases when p is less than J and is more than J 55 coexist with a melt comprising NaP03. Thereby, no fine 

and q is less than 1/1. particles of phosphor can not be obtained. 

All the peaks of curves 7, 8 and 9 in FIG. 5, at which On the other hand, a point 5 in FIG. 2 corresponds to 

the yield of fine particles of phosphor becomes maxi- p=l/6 and q= 1/1.5 and lies in a regin wherein the 

mum lie on a line connecting the point APO3 with the phosphor NaYo.o5Ndo,8sYb6.ioP40i2 coexists with a 

point Bi-x-.yNdxYbyPsOu in FIG. 2. $0 me lt comprising NaPO> Therefore, a very preferable 

Thus, at 700° C which is the firing temperature in result can be obtained at this point, 

this example as described below, there is a region in Similar results were obtained by replacing Y as B by 

which three phases of a melt comprising NaPG3 and a t least one element selected from the group consisting 

Yo.o5Ndo.85Ybo.ioP50i4 and NaY 0 .o5Ndo.85Ybo.ioP40i2 of Sc, La, Gd, Lu, Ga, In, Bi and Sb. 
coexist. The yield of fine particles of phosphor becomes $5 

maximum on a tie line connecting the point NaP03 EXAMPLE 5 

(APO3 in FIG, 2) with the point Yo.05Ndo.g5Ybo.10- A phosphor represented by the formula 
P5O14 (Bi-jr-yNdxYbyPsO^ in FIG. 2) which shows 



06/24/2004, EAST Version: 1.4.1 



4,149,989 



8 



NaBiaioNdasoYba 10P4O12 
corresponding to the general formula 

ABi-jr-yNdjcYbyP^Ou 5 

wherein A=Na, B=Bi, x=0.80 and y =0.10, was syn- 
thesized from the following starting materials: 
Bi 2 Q3:63.83 g 

Nd20 3 :368.74 g 10 

Yb20 3 :53.98 g 

Na 2 CO3^90.38 g 

NH4H 2 PO4^205.97 g 
The yield of fine particles of phosphor was 88.9% by 
weight. 15 

Also, a phosphor represented by the formula 

NaNdo. 7 Ybo.3P40i2 

corresponding to the general formula 2Q 

wherein A=Na, x=0.7 and y=0.3, was synthesized 
from the following starting materials: 

Nd 2 03*^35.53 g 25 

Yb20 3 :l 18.22 g 

Na 2 CO 3 :370.96 g 

NH4H 2 P04:16ia36 g 
The yield of fine particles of phosphor was 81.1% by 
weight. 30 

Further, a phosphor represented by the formula 

KCeo.oiNdo.wYbo.1 5P4O12 

corresponding to the general formula 35 

ABi_x_>Nd,Yb^P40i2 

wherein A=K, B=Ce, x=0.80 and y=0.15, was syn- 
thesized from the following starting materials: 40 

Ce 2 0 3 d2.48 g 
Nd 2 0 3 :368.74 g 
Yt^CMO.97 g 

K 2 C0 3 :283.95 g 45 

NH4H 2 PO4:1890.83 g 
The yield of fine particles of phosphor was 65.4% by 
weight. The conditions used such as heating rate, etc. 
are the same as in Example 4. 

Na and K were used as A in this example, but Rb or 50 
Cs may be used in place of the Na and K. Also, a similar 
result can be obtained by these elements alone or in 
admixture. 

As explained above, according to the present inven- 
tion, a phosphor having a particle size of about 5 ftm 55 
can be formed in a high yield without adding a pulveri- 



zation step after the synthesis. Also, it was confirmed 
that the luminous power of the fine particulate phos- 
phors produced according to the present invention was 
3 to 6 times that of a prior art phosphor LiNdP40i 2 . 
Thus, according to the present invention, far excellent 
infrared-infrared phosphors as compared with prior art 
phosphors can be formed in a high yield. 

The phosphors produced according to the present 
invention can be used for various objects. For example, 
when different data are printed on a card with the phos- 
phors produced according to the present invention, an 
optical data card having excellent characteristics can be 
obtained. 

What is claimed is: 

1. A process for producing an infrared-infrared phos- 
phor represented by the formula 

ABi-^Nd^Yb^Oiz 

wherein A is at least one element selected from the 
group consisting of Na, K, Rb and Cs, B is at least one 
element selected from the group consisting of Sc, Y, La, 
Ce, Gd, Lu, Ga, In, Bi and Sb, and x and y are numbers 
satisfying the conditions 

0.05 SxS 1.0 

0^0.95 

x+yZ\.Q 

which comprises the steps of: 

(a) forming a mixture of starting materials; 

(b) firing the resulting mixture at a temperature of 
520°-880° C. to effect a composition within the 
region 0 in FIG. 2 in the accompanying drawings, 
said composition being composed of a melt of 
APO3 and said phosphor; 

(c) cooling the fired mixture; 

(d) digesting the cooled mixture with water; and 

(e) removing the liquid phase of the digested mixture 
and drying the insoluble residue wherein the resi- 
due includes particles of said phosphor, and 
wherein at least 30% by weight of said particles are 
about 5 jim or less in size. 

2. A process according to claim 1, which further 
comprises the step of treating the insoluble residue obr 
tained in said step (e) with a dilute acid to remove 
AP0 3 . 

3. A process according to claim 1, wherein the tem- 
perature for firing the resulting mixture is achieved by 
heating the resulting mixture at a heating rate of be- 
tween 10" C./hour to 350° C./hour. 

4. A process according to claim 3, wherein said heat- 
ing rate is 150° C./hour. 
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